Virus mutations and their impact on vaccination against infectious bursal disease (Gumboro disease)
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(1)* , B. Mamache (1) , W. Tombari (2) & A. Ghram (2) (1) Laboratoire d'Environnement, de Santé et Production Animales in vivo (2) . All the viruses causing clinical and sub-clinical disease belong to serotype 1. Serotype 2 strains are non-pathogenic (3).
The viral RNA comprises two segments: A and B. Segment B is monocistronic and encodes protein VP1, which is none other than the viral RNA polymerase. Segment A is polycistronic and encodes two major structural proteins (VP2 and VP3); one protease (VP4) responsible for cleavage of the viral polyprotein; and one nonstructural protein (VP5), which is expressed transiently at the end of the virus life cycle and is believed to be responsible for breaking down the membrane of the infected cell (4), releasing the viral particles.
Protein VP2 contributes to the antigenicity (5), tropism and pathogenicity of the virus (6, 7, 8) . It forms trimeric sub-units to build the outer structure of the viral capsid and exhibits surface projections corresponding to the central (or hypervariable) region of the VP2 protein. This is the part of the protein most exposed to immune pressure and hence the one most prone to mutations.
The VP2 hypervariable region comprises four domains with loop structures. Domain PBC, situated between amino acid positions 219 and 224, is believed to be responsible for stabilising the conformation of epitopes, while domain PHI (amino acids 315-324) is thought to be involved in recognition by neutralising antibodies (9). Amino acid substitutions in domain PHI, probably by causing conformational changes in viral epitopes, are believed to allow the virus to evade the immune response of even the most immunised poultry (9, 10). The two additional domains − PDE (amino acids 250-254) and PFG (amino acids 283-287) -include residues 253 and 284, respectively, which are implicated in the infectivity of cell cultures and virus pathogenicity (6) .
Viral diversification mechanisms of RNA viruses
A common genetic diversification mechanism for RNA viruses is the only as a guide, because they are prone to distortion from synonymous mutations with no effect on viral phenotype.
Viral determinants of virulence
The The advantage of using monoclonal antibodies over a restriction map using endonucleases is that antibodies are more reliable. The epitope identifying the monoclonal antibody is dictated directly by encoded amino acids and, unlike restriction sites, cannot be affected by possible silent mutations.
Sequence alignment of amino acids from the virulent, avirulent and attenuated strains has also identified mutations associated with the pathogenicity of IBD viruses. All but one of the residue substitutions found in highly pathogenic viruses are located in the VP2 hypervariable domain (47).
The co-existence of the two amino acids 279D and 284A determines the virulent phenotype (48) (Fig. 3) . Substitutions of these two residues would lead to loss of hydrophilicity of the VP2 hypervariable region and could reconfigure the virion surface structure. A point of note is that the 279D residue is well conserved in two non-pathogenic strains of serotype 2: OH and 23/82. Similarly, virulent strains GLS and Cu-1 share the T284 residue with naturally non-pathogenic strains of serotype 2 (36).
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The sequence thought to be involved in virulence is the heptapeptide adjacent to the second hydrophilic region of the VP2 domain (amino acids 326-332) (49) , which, in the very virulent Japanese and European viruses and the USA antigenic variants, invariably includes the serine-rich conserved sequence S-W-S-A-S-G-S (39, 50).
Nevertheless, very virulent strain OKYM conserved the serine-rich heptapeptide even after being attenuated (strain OKYMT) (48).
The most virulent strains would appear to be those with the greatest serine residues in this region of the VP2 domain (30). The hydrogen bonds present in the serine-rich motif would appear to allow intraand inter-molecular interactions, which are crucial for virulence. In non-pathogenic or low-pathogenic viruses, such interactions are impossible because substituting one or two serines (S) with other residues would take up more space in the structure (9).
Not only do the Japanese and European highly pathogenic viruses share the serine-rich sequence, they all share, simultaneously, unique amino acids at positions 222, 256 and 294, which are not found in less virulent viruses (45).
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